Background: The prevalence of mental health problems in medical students has continuously increased and is higher than the prevalence of mental health problems in students with other majors, which could lead to undesirable consequences for the students and their future patients. In China, the current states of medical education and healthcare workplaces differ in certain areas from those in Western or other Asian countries. However, the mental health status of Chinese medical students has not been systematically analyzed.
Introduction
One of the main aims of medical schools is to train students to meet the healthcare needs of current and future national populations. [1, 2] This is usually achieved through an arduous training curriculum and long-term clinical practice, for which high levels of motivation, intelligence, and stamina are expected. Generally, the total time required to acquire the necessary professional knowledge and skills is greater for medical students than those with other majors, [3, 4] and the study of medicine is believed to be associated with significantly higher mental and physical pressure than is experienced in other subject areas. [5, 6] In addition, individuals between 18 to 24 years of age are at particularly high risk for mental disorders such as major depressive disorder, anxiety, and psychiatric comorbidities. [7] [8] [9] As a consequence, mental health problems among medical students have been reported to be continuously increasing [10, 11] and to be much more prevalent in medical students than in students with other majors. [12] [13] [14] [15] [16] [17] Mental health problems may persist into adulthood if they remain undetected or are not treated appropriately. [18] For students majoring in health-related subjects, these problems can result in numerous undesirable personal and professional consequences (e.g., they can impair their quality of life and increase the risk of suicidal ideation and decrease academic performance, professionalism, and empathy toward their patients). [12, 19, 20] The current state of the medical education system and healthcare working environment in China differs in some areas compared to those in Western or other Asian countries. A high patient population with a relatively small number of doctors has resulted in a need for a large, strong labor force. Unstable relationships between patients and doctors frequently lead to workplace violence (WPV), with the patients as the perpetrators. Despite these discrepancies, there are few existing systematic reviews or meta-analyses on psychological issues in medical students from China. Thus far, mental health problems in the Chinese medical educational setting remain unclear.
This meta-analysis aimed to provide a comprehensive insight into the prevalent mental health experienced by Chinese medical students and an evidence-based basis for intervening in these problems.
Methods
All analyses were based on previously published studies; thus, ethical approval and patient consent were not necessary.
Inclusion and exclusion criteria
All the studies were screened and selected by 2 independent authors (W.Z. and R.C.). The prespecified eligibility criteria were as follows: types of studies-the included studies were crosssectional studies that analyzed the prevalence of mental health problems among medical students in China or provided sufficient data for percentages to be calculated; types of participants-the included studies only involved medical students as participants, who were enrolled in medical schools or universities in China. We accepted each individual trial's criteria for the diagnosis of mental health problems and the exclusion of participants; types of outcomes-the included studies reported the prevalence of one of more mental health problems; types of screening methods and/or screening tools-the included studies utilized standardized validated instruments to assess the prevalence; type of journal -the included studies were published in peer-reviewed journals; and publication language-the included studies were written in English. In this review, we defined a mental health problem as any diagnosable mental disorder or symptom of a mental disorder (e.g., depression, anxiety, and suicidal ideation).
Studies were excluded if mental health problems were not the main focus of the questionnaire/diagnostic instrument (e.g., the focus was quality of life) or the adopted instruments had not been validated in the Chinese population.
Search method
We developed and conducted a comprehensive search of published and unpublished studies using EMBASE (1980-June 2018), PubMed (1966-June 2016), PsycINFO (1806-June 2016), OVID (1966-June 2018), the Cochrane Database of Systematic Reviews (CDSR, 2018), and the Cochrane Central Register of Controlled Trials (CENTRAL, 2018). The search terms consisted of medical subject headings and keywords, including terms related to medical schools, medical students, mental health, mental disorders, psychological distress, psychological health, and China. We also searched the reference lists of original reports, case reports, guidelines, letters to the editor, reviews, and meta-analyses retrieved through these electronic searches for additional articles.
Study selection and data extraction
The Preferred Reporting Items for Systematic Reviews and MetaAnalyses flow chart was used to illustrate the study selection process (Fig. 1) . [21] The titles and/or abstracts of the studies retrieved using the search strategy and those from additional sources were screened independently by 2 authors (W.Z. and Q. Z.) to identify studies that potentially met the inclusion and exclusion criteria outlined above. For studies that potentially fulfilled the inclusion and exclusion criteria, we retrieved the full texts, which were assessed independently by the same 2 authors. The same 2 authors also used a predesigned data collection form (Microsoft Office Excel 2013) to extract all the data independently. The following information was collected: study characteristics [first author name, year of publication, study design, sampling methods, study time, study site (province, city, and area of China), medical school], participant characteristics (age, sex, grade, and type of students), and outcome-related data [sample size (case and total size), outcomes, screening methods, and prevalence of mental health problems].
The information used to appraise the methodological quality of each study with the National Institutes of Health Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies (NIH-QAT, National Institutes of Health, 2014) [22] was also collected, including the clarity of the research objectives, the adequacy of the study population description, the appropriateness of the sample selection, the presence of a justification of the sample size, the exposure and outcome measurements, the sufficiency of study timeframe, the presence of follow-ups, and the adequacy of the statistical analyses.
The data were entered twice into Review Manager (RevMan, version 5.3, The Cochrane Collaboration). We defined depression [23] [24] [25] [26] [27] as our primary outcome (for any measure used), and anxiety, suicidal ideation, and eating disorders were combined as secondary outcomes. After extraction, all data were checked by 98: 18 Medicine another author (W.D.), and discrepancies were resolved via discussion. We sent letters to the authors of the studies as needed to clarify important missing or unclear data.
Data synthesis and statistical analysis
Two review authors entered the data separately (X.W. and Q.Z.), and we conducted the meta-analysis using RevMan. The extracted data were utilized to compute the standard error (SE) of the prevalence of mental health problems for each included study using the equation below [28] [because all included studies met the requirement of n Â p > 5 and n Â (1Àp) > 5], using the number of medical students (n) and the prevalence of each mental health problem in medical students (p). This was calculated for the overall prevalence and for the prevalences among the identified subgroups.
The prevalence was computed for each study in this review to derive a pooled effect estimate with the inverse variance method, which involved calculating the weighted average using SEs, [29] as mentioned above. Except for the aggregate prevalence, the corresponding P-value and 95% confidence interval (95% CI) were also reported.
Heterogeneity was analyzed by the I 2 test, which describes the proportion of variation across the studies that is due not to chance but rather to the heterogeneity. [30, 31] The higher the percentage, the higher the level of heterogeneity was. [31] If P > .10 and I 2 < 50%, we considered the heterogeneity to be relatively low, and a fixed effects model was used to pool data; if P < .10 and I 2 > 50%, we considered the heterogeneity to be substantial, so we used a random effects model to summarize the results. If heterogeneity was still high after adopting the random effects model, the reasons for the heterogeneity were investigated. P < .05 was used to determine statistical significance. In addition, a sensitivity analysis was performed to test the robustness of the pooled prevalence of depression by excluding each study and rerunning the metaanalysis.
Subgroup analyses were conducted to explore the source of heterogeneity among subgroups-stratified by gender and agefor the prevalence of mental health problems among medical students. The gender groups were divided into male and female groups for analysis. The age groups were determined by using the mean age of the participants of 20 years old as the cut-off value ( 20 years and >20 years). We used forest plots and funnel plots. The funnel plots indicate possible publication bias, evidence of asymmetry, and other small study effects.
[32] Finally, we followed PRISMA guidelines to report our findings. [33] 3. Results
Results of the search
We identified 1469 records from the literature research and finally kept 10 studies (Fig. 1) . All 10 studies were cross-sectional in design, involving a total of 30,817 Chinese medical students for the quantitative synthesis.
Study characteristics
The participants in the 10 studies were all medical students from mainland China. Among the studies, 5 were conducted in South China, [34] [35] [36] [37] [38] 2 were conducted in North China, [39, 40] 1 was conducted in 23 provinces covering both South and North China, [41] and the other 2 studies [42, 43] did not describe the geographic region in their article. The mean age of students was above 20 years old in 5 studies, [39] [40] [41] [42] [43] below 20 years old in 2 studies, [35, 37] and unknown in the other 3 studies. [34, 36, 38] All the included studies adopted validated self-report questionnaires to measure the outcomes. Various instruments were utilized. For depression, the most commonly used tool was the Beck Depression Inventory, [37, 41] while the Self-Rating Depression Scale, [35] the Center for Epidemiologic Studies Depression Scale, [40] the Patient Health Questionnaire-9 (PHQ-9), [36] and the Symptom Checklist (SCL-90) [38] were also adopted. For anxiety, Zung's Self-Rating Anxiety Scale, [39] the Beck Anxiety Inventory [37] and the SCL-90 [38] were used in 3 studies. For suicidal ideation, 3 different tools, namely, the Beck Hopelessness Scale, [42] the PHQ-9, [36] and the US National Comorbidity Survey, [43] were also used in 3 studies. In addition, for eating disorders, 1 study used the Eating Disorders Inventory, [34] while another study adopted the Eating Attitude Test. [35] The characteristics of the included studies are presented in Table 1 .
Quality appraisal
All included studies received quality rating scores of 50% or higher according to the NIH-QAT quality appraisal tool.
3.4. Prevalence of mental health problems 3.4.1. Depression. Six studies [35] [36] [37] [38] 40, 41] reported that the pooled prevalence of depression among medical students in China was 29% (95% CI: 15-44%, P < .0001; I 2 = 100%, P < .00001), with a range from 3.2% to 66.8% (Fig. 2) . The difference in the prevalence of depression in male [35, 37, 41] (15%, 95% CI: 5-25%, P = .003) and female [35, 37, 41] (14%, 95% CI: 10-18%, P < .00001) medical students were not statistically significant (x 2 = 0.04, P = .85, I 2 = 0%) (Fig. 3) . When stratified by age into younger [35, 37] ( 20 years old) and older group (>20 years old) [40, 41] (Fig. 4) , older medical students (43%, 95% CI: À3-89%, P = .06) had a higher prevalence of depression than younger medical students (11%, 95% CI: 0-22%, P = .04), but the difference was not significant (x 2 = 1.77, P = .18, I 2 = 43.6%).
3.4.2. Anxiety. The summarized prevalence of anxiety among Chinese medical students was 21% (95% CI: 3-39%, P = .02; I 2 = 100%, P < .00001, Fig. 5 ) based on the analysis of 3 studies, [37] [38] [39] ranging from 2.0% to 47.3%. 
Suicidal ideation.
As shown in Figure 6 , suicidal ideation was prevalent in 11% of the Chinese medical students (95% CI: 4-19%, P = .001; I 2 = 97%, P < .00001, Fig. 7) in the 3 included studies, [36, 42, 43] ranging between 7.5% and 17.9%.
As shown in Figure 6 , female [42, 43] medical students (34%, 95% CI: 20-88%, P = .21) had a relatively higher prevalence of suicidal ideation than male [42, 43] medical students (20%, 95% CI: 15-56%, P = .26), but the difference between these 2 groups was not statistically significant (x 2 = 1.75, P = .08; I 2 = 0%, P = .67).
Eating disorders.
In the analysis of 2 studies, [34, 35] medical students in China showed an overall eating disorder prevalence of 2% (95% CI: 2-3%, P < .00001, Fig. 8 ), ranging from 2.17% to 2.5%, and there was a low level of heterogeneity between the studies (I 2 = 0%, P = .70).
Publication bias
The funnel plot for the primary outcome, depression (Fig. 9) , appeared somewhat asymmetrical. However, because the number of trials included was insufficient, the assessment of publication bias may be inaccurate for this outcome.
Sensitivity analysis
Each study was sequentially excluded to examine the stability of the pooled prevalence of our primary outcome, depression. As shown in Figure 10 , the results were not altered by the exclusion Figure 6 . Forest plot assessing the prevalence of suicidal ideation among medical students in China, stratified by the gender of the participants. CI = confidence interval, SE = standard error. Figure 7 . Forest plot assessing the prevalence of suicidal ideation among medical students in China. CI = confidence interval, SE = standard error. Figure 8 . Forest plot assessing the prevalence of eating disorders among medical students in China. CI = confidence interval, SE = standard error.
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Medicine of any specific study, which suggests that the results are reliable and that the prevalence of depression among Chinese medical students is exceedingly high.
Discussion

Summary of results
The present study is the first meta-analysis to investigate the prevalence of some common mental health problems among Chinese medical students based on a pooled population of 30,817 participants from 10 cross-sectional studies that were all published after 2010. Based on our study, the prevalence of depression, anxiety, suicidal ideation, and eating disorders was 29%, 21%, 11%, and 2%, respectively. The recent publication of these studies and the high prevalence values for depression, anxiety, and suicidal ideation draws attention to the fact that although these mental health issues have long been reported worldwide, especially in some advanced countries, more attention should be paid to medical students in developing countries such as China; these mental health problems have recently been emphasized and have continued to become more common according to assessments in recent years. [44, 45] 
Depression
It has been well documented that depression can lead to many negative consequences for young people, such as poor academic performance, high rates of substance use, and even suicidal ideation. [36, [46] [47] [48] [49] As the first meta-analysis investigating the nationwide prevalence of depression among Chinese medical students, our study reported a pooled prevalence of 29% based on 6 cross-sectional studies. The result is much higher compared with the prevalence of depression in Chinese students with other majors [50] as well as in medical students from other countries. [51] Several reasons may account for this result. First, the undergraduate medical education system in China applies much heavier academic pressure on medical students than on students studying other professions, since the content of their courses is rarely related to what they have learned before and is, therefore, harder to understand. In addition, as a profession related to the safety of human life, medical education is particularly strict and is more demanding than with other majors. Additionally, the doctorpatient relationship in China has become increasingly tense in recent years, with frequent violent attacks against healthcare workers, a lack of respect from society and relatively low remuneration, all of which decrease the enthusiasm of young medical students for pursuing their future careers. [52] [53] [54] These abovementioned reasons could be the cause of substantial www.md-journal.com psychological stress and hopelessness in medical students. Notably, there was no significant difference in the prevalence of depression based on gender or age according to the subgroup analyses, indicating that all medical students have a high risk of depression. As the most commonly reported psychological problem in Chinese medical students, it is suggested that more attention should be paid to those with signs and symptoms of depression, and timely screening and proper interventions are highly necessary. In addition, more efforts should be made by medical educators to improve the sense of professional identity and the professional expectations for Chinese medical students.
Anxiety
Anxiety is the second most common mental health problem found in Chinese medical students. The pooled prevalence was 21%, which is higher than that reported among Asian medical students. [51] The long-term heavy academic burden, highintensity internships, frequent WPV, complex multipersonal relationships, and uncertainty regarding their future careers might be the cause of the high incidence of anxiety in Chinese medical students. Similar to depression, anxiety may also lead to many undesirable consequences, such as poor academic performance and dropping out of school due to impaired cognitive function or even suicidal ideation and attempts. [55] [56] [57] Based on the results of our study, anxiety disorders in medical students should also be taken seriously, promptly diagnosed, and supported by medical school educators.
Suicidal ideation
The combined result of our meta-analysis revealed that the prevalence of suicidal ideation among medical students in China was 11%, which is higher than in medical students in Brazil [58] and similar to the result reported in other Chinese college students [59] and in medical students from the United States. [60] We believe that excessive academic pressure is a major cause of suicidal ideation. Additionally, suicidal ideation is reported to be closely related to other mental health disorders, such as depression and anxiety. According to our meta-analysis, the incidence of depression combined with anxiety among Chinese medical students is generally higher than those in other places and populations, which could be another cause of their high prevalence of suicidal ideation. Moreover, it is worth noting that suicidal ideation is highly likely to transfer to suicidal attempts and suicidal actions, [61] leading to fatal and irreversible consequences. Therefore, more attention should be paid to early screening of Chinese medical students for suicidal ideation. Meanwhile, more mental health counseling and suicide-related psychological education should be provided to Chinese medical students to avoid those serious consequences. Previous studies [62, 63] reported a higher incidence of suicidal ideation in female university students than in males. However, according to the subgroup analysis, the prevalence of suicidal ideation did not differ statistically between genders in Chinese medical students, indicating that equal attention should be paid to both male and female medical students.
Eating disorders
Eating disorders frequently occur in young females, [64, 65] which can be a cause of overeating or insufficient ingestion. [66, 67] The combined results showed that the prevalence of eating disorders in Chinese medical students was 2%. This result is lower than the rates in several Western countries, such as Spain (5.34%), [68] Turkey (12%), [69] and the United States (15% of females and 4% of males). [70] The results indicate that Chinese medical students are at relatively lower risk of suffering eating disorders regardless of other mental health problems, including depression and anxiety. Some studies have reported that body weight is positively correlated with eating disorders, [71, 72] and the average body mass index of Chinese people is generally lower than those of the populations in Western countries. [73] [74] [75] This might explain why Chinese medical students have a relatively lower prevalence of eating disorders. However, due to the severe consequences of eating disorders, [66, 67] careful screening and proper intervention are still important for Chinese medical students.
Comparison with other published reviews
Previous meta-analyses and systematic reviews investigated the prevalence of mental health problems among medical students in Asia, [51] Brazil, [76] and some English-speaking countries. [77] In China, several pooled studies reported the prevalence of mental health problems among college students, [50, 78] but none of them focused on medical students, and the majority of them focus on only depression as their outcome. To the best of our knowledge, this meta-analysis is the first study to summarize the prevalence of mental health problems among medical students in China. In addition to depression, we also identified anxiety, suicidal ideation, and eating disorders as outcomes.
Implications for practice
Compared with Chinese students with different majors and medical students from other countries, Chinese medical students have a higher prevalence of depression, anxiety, and suicidal ideation but a relatively lower incidence of eating disorders. These results indicate that the current status of mental health problems among Chinese medical students is still very serious. Based on our study, depression and anxiety are the 2 most prevalent mental health disorders, and suicidal ideation is the risk factor with the most fatal consequence. Thus, careful screening of and proper intervention in these mental health problems are necessary and should be supported by educators and counselors in a timely and consistent manner.
Implications for future research
Through the literature search, we found that previous studies about mental health problems among medical students in China were mostly cross-sectional studies, which focused only on the current status at a certain point of time. Therefore, future longitudinal investigations with dynamic study designs are highly recommended. In addition, current studies on mental health problems among Chinese medical students mainly focus on depression, anxiety, and suicidal ideation. Additional studies are needed to investigate a variety of other mental health problems, such as burnout, stress, and obsessive-compulsive disorder and the combination of different mental health problems such as bipolar disorder or combination of depression and eating disorder. In addition, more stratified and subgroup analyses are suggested in future research to investigate mental health problems in a clearer and more comprehensive manner. 
Strengths and limitations
To the best of our knowledge, this meta-analysis is the first evidence-based study to investigate the prevalence of mental health problems among medical students in China. The instruments measuring the mental health problems used in the included studies are all currently widely used scales, with good reliability and validity. Instead of evaluating only depression, which was the most common outcome in previous meta-analyses, we also reported the prevalence of some other mental health problems, including anxiety, suicidal ideation, and eating disorders, making this meta-analysis more comprehensive and accurate than previous studies. The results of our study will be highly relevant to the medical education and could be a very important warning and reminder regarding the current status of several mental health problems among Chinese medical students. Nevertheless, several potential limitations should also be addressed. Because all the included studies were cross-sectional in design, this meta-analysis lacks a dynamic analysis of mental health problems among Chinese medical students; high heterogeneity across studies, and some bias might exist. Besides, the included studies were all conducted using self-rating scales and lack of further investigation to the screened population with positive mental health problems, which may influence the accuracy of the results. Meanwhile, due to the limited mental health problems covered in current original studies, there are many factors other than depression, anxiety, suicidal ideation, and eating disorders that are not synthesized in this present meta-analysis.
Conclusions
Chinese medical students have a relatively higher prevalence of depression, anxiety, and suicidal ideation but a lower prevalence of eating disorders compared with Chinese students with different majors and medical students from other countries. The findings highlight the necessity and urgency of providing timely screening of and proper intervention in these mental health problems among Chinese medical students. However, high heterogeneity across the studies and some bias might exist due to the flaws in the cross-sectional designs of the included studies. Thus, we should interpret these results with caution. 
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